INTRODUCTION
Herpesviruses from goats have only been isolated in California (Saito et al., 1974) and Switzerland (Mettler et al., 1979) . The American strain was characterized in some detail (Berrios & McKercher, 1975) and was found to be serologically related to infectious bovine rhinotracheitis/infectious pustular vulvovaginitis (IBR/IPV) virus (bovid herpesvirus 1, BHV-1). Since it was not pathogenic for lambs and calves, it was referred to as caprine herpesvirus 1 . The clinical and pathological symptoms caused by the Swiss isolate are similar to those reported for the Californian strain, although abortifacient properties could not be substantiated (Waldvogel et al., 1981) . In a sero-epidemiological survey, 20 to 30~o of the goats in the eastern and southern parts of Switzerland exhibited specific antibodies, whereas goats examined in other regions seemed to be free of infection (Plebani et al., 1983) . In the Bregaglia valley, where the isolation was made and where this herpesvirus infection is endemic in goats, BHV-1 infections have never been observed in cattle. Recent serological studies have shown that goat herpesvirus infections also occur in Greece, Turkey and Syria, indicating widespread latency of the virus (T. Leiskau & H. Ludwig, unpublished results) .
Since BHV-1 infections may occur in goats under natural conditions (Mohanty et al., 1972) , we were interested to find out whether the goat viruses and BHV-1 were identical. In this report, further biological properties and physicochemical characteristics of the two goat herpesvirus strains are presented. DNA analysis has shown fundamental differences between BHV-1 and the goat virus. In accordance with a proposed classification of bovine (bovid) herpesviruses (Ludwig, 1983) , and based on the recommendations of the Committee for Taxonomy of Viruses , the goat herpesvirus is designated as bovid herpesvirus 6 (BHV-6). 
Characterization of goat herpesvirus 2239
DNA extraction and restriction enzyme analysis. For each virus strain 10 Roux bottles with GBK monolayers were infected at a m.o.i, of 5. At 24 h after infection, the cells were scraped off and separated from the supernatant by low-speed centrifugation. The supernatant was centrifuged for 20 min at 10000 rev/min (Sorvall GSA rotor) and then for 1 h at 25000 rev/min (SW27 Beckman rotor). The virus pellet was resuspended in TNE buffer, pelleted again through a 15 m130~ (w/v in TNE) sucrose cushion for 2 h at 25000 rev/min (SW27 rotor) and resuspended in 1-8 ml TNE buffer to which 200 ~tl of 10~ SDS and 40 ~tl of proteinase K (10 mg/ml) were added. After overnight incubation at 37 °C, DNA was extracted with phenol-chloroform (1:1), chloroform-isoamyl alcohol (24 : 1) and precipitated with ethanol. The DNA was redissolved in 10 mM-Tris-HCl pH 7-5, 1 mM-EDTA and stored at 4°C.
Restriction endonuclease digestions with EcoRI, HindlII, BamHl and BstEII (Boehringer Mannheim) were performed under conditions recommended by the supplier. The digestion products were separated by electrophoresis in 0.7~ agarose (Sigma) slab gels. The gels were run at 35 V for 18 h, then stained in a bath of 1 ~tg/ml ethidium bromide in electrophoresis buffer (Tris-acetate buffer: 40 mM-Tris, 2 mM-EDTA, 20 mM-acetic acid) for 30 min and photographed under a u.v. lamp through a red filter using Polaroid Land film type 57 or HP4 Ilford films.
Other methods. The thermal denaturation profile and the T m value were determined as previously outlined (Darai et al., 1980) . Electron microscopic contour length measurements were performed according to Davis et al. (1971) .
RESULTS

Cell culture behaviour of BHV-6 and BHV-1
The cytopathic effect of BHV-1 and BHV-6 in bovine cells is characterized by rounding of the cells (Berrios & McKercher, 1975; McKercher, 1964; Mettler et al., 1979) . In contrast to BHV-1, however, BHV-6 induced a more diffuse c.p.e, with prominent swelling of cells and vacuole formation, followed by detachment and clump formation (Fig. 1) . The growth curve of BHV-6, strain E/CH, is comparable to that reported by , using the McK/US strain. The viruses have a latent period of 5 h and an exponential growth phase 6 to12 h after infection. BHV-6 is one of the most rapidly growing herpesviruses known, reaching maximum titres 12 h post-infection almost identical to BHV-1 (Fig. 2) .
BHV-6 multiplies to relatively high titres without adaptation in a broad spectrum of cell cultures, similar to BHV-1 (Gibbs & Rweyemamu, 1977) . The host range studies which confirm and extend those for the McK/US strain (Berrios & McKercher, 1975) are summarized in Table  1 .
Serological relationship of BHV-6 with other herpesviruses
Reference antisera directed against BHV-2 (bovine herpes mammillitis virus), pseudorabies, canine and equid (EHV-1) herpesvirus, HSV-1 and B virus did not neutralize BHV-6 strain E/CH, even at serum dilutions of 1:2.
Because of the known cross-reactivity of BHV-6 and BHV-1, various antisera and virus strains were checked in order to test whether the reaction might be influenced by the species of the antiserum donor or by the virus strain. Independently of these factors, a one-way crossneutralization could be clearly demonstrated. BHV-l-specific antisera neutralized BHV-6 to a much greater extent than BHV-6-specific antisera did BHV-1 (Table 2) . Preliminary results using monoprecipitin antisera (kindly supplied by Dr J. P. Gregersen) directed against the major immunogenic components of BHV-1 confirmed the above finding.
That the antigenic relationship of BHV-6 and BHV-1 extends to the major antigenic components of BHV-6 was demonstrated by crossed immunoelectrophoresis using the intermediate gel technique. Although BHV-6-specific antisera recognized the major antigens of BHV-1, this was to a varying extent, as shown for precipitation arcs 1 and 2 (Fig. 3) .
Properties of the BHV-6 DNA
Optimal labelling of BHV-6 DNA was achieved when radioactive isotopes were added 6 to 8 h after infection. Preliminary experiments, labelling infected cells at 2, 4, 6 and 8 h, showed that at 4 h post-infection cellular DNA synthesis was significantly decreased and at 8 h completely shut down. The buoyant density of radioactively labelled virus DNA, determined by preparative ultracentrifugation, was 1.7295 g/ml. Co-centrifugation of labelled BHV-6 and BHV-1 D N A s confirmed this result, demonstrating identical buoyant densities for the caprine and the bovine viruses (Fig. 4) . From these data a G + C content of 71 ~o was calculated.
Melting of BHV-6 D N A in 0-1 x saline sodium citrate (SSC) followed a sigmoidal curve, from which a Tm of 86 °C was derived (data not shown). This value corresponds to a G + C content of 7 2~ which is in good agreement with that obtained from buoyant density determinations.
Electron microscopic examinations of BHV-6 and BHV-1 D N A s (n = 19, each), showed linear molecules with an average contour length of 46.1 lam for BHV-1 and 43.7 ~tm for BHV-6 D N A (Fig. 5 and 6 Maximum virus yield was reached 12 h post-infection for BHV-6 and at 20 h for BHV-1 (IBR 'LA'). The titre differences after 2 h post-infection may reflect differences in ratios of physical to infectious particles of the virus stocks or differences in adsorption capacity. (Stfiber & Bujard, 1977) . These values correspond to 136 or 143 kilobase pairs (kb). Additionally, EcoRI fragments of BHV-6 DNA were eluted from gels and measured electron microscopically. The larger fragments had an average length of 30.46 + 1.2 ~tm (n = 17) and the smaller ones 13-64 + 0.9 ~tm (n = 26). These values correspond to mol. wt. of 62-8 x 106 and 28.1 × 106, respectively. The sum of the mol. wt. of EcoRI fragments was 90.9 x 106 which is in excellent agreement with the mol. wt. estimated for the intact DNA. The physicochemical data are summarized in Table 3 and compared with pre-existing values for BHV-1. Since no significant differences were detected between BHV-1 and BHV-6 DNA, it was of major interest to compare the genomes by restriction enzyme analysis. Both BHV-6 strains showed only minor differences and can therefore be considered as different isolates of the same virus. BHV-6 DNA had only one recognition site each for endonucleases EcoRI and HindlII. To our knowledge, this is the only herpesvirus DNA demonstrating this unique cleavage pattern. ÷ t I Fig. 3 . Crossed immunoelectrophoresis demonstrating reactivity of BHV-6-specific antibodies with major antigens of BHV-1. Infected GBK cell lysates (30 I.tl) of BHV-1 (IBR 'LA') were electrophoresed in the first dimension (f) at 10 V/cm for 1.5 h, followed by second dimension electrophoresis (2 V/cm for 18 h) into gels (s) containing polyspecific bovine BHV-1 antibodies (15 bd/cm2). The intermediate gels (i) contained 20 lal/cm 2 of foetal calf serum (A) or BHV-6-specific goat antibodies (B). Uninfected 6ell lysates gave no precipitation arcs with the same sera (Ludwig, 1983) . Coomassie Brilliant Blue staining. * Cross-neutralization tests showed that antisera against BHV-1 strongly neutralize BHV-6, whereas antisera against BHV-6 neutralize BHV-1 only weakly. Similar results were obtained when rabbit antisera were used (data not shown). Titres are expressed as the serum dilution neutralizing 80~ of the plaques. 
DISCUSSION
The purpose of this report was to characterize the two established caprine herpesvirus isolates and differentiate them from BHV-1. Certain properties indicated that the goat virus might represent an independent herpesvirus . The susceptibility of goats to BHV-1 and the occurrence of this virus in goats, however, made differentiation between the two viruses difficult. Our data have shown that the goat virus, BHV-6, and BHV-1 can be distinguished by c.p.e., by the more rapid growth cycle of BHV-6, and serologically by a clearly defined one-way neutralization, Since a strong antigenic cross-reactivity exists, it will be of interest to define common sites on these antigens.
The restriction endonuclease analysis of the viral DNAs clearly demonstrates that the caprine and bovine viruses are distinct and confirms their designation as BHV-6 and BHV-1, although significant differences in physicochemical properties of their DNAs do not exist. This technique has served as a valuable tool for separation and classification of numerous species, types and strains of herpesviruses, as previously reported for bovid Ludwig, 1983 ), equid (Studdert eta!., 1981 and human herpesviruses (Preston et al., 1978; Buchman et al., 1978) .
The two bovid herpesviruses, which appear to be indigenous in different animal species of the family Bovidae, BHV-6 in goats and BHV-1 in cattle, have either maintained or developed a strong antigenic relationship during evolution, but are completely divergent with respect to their DNA restriction endonuclease maps. Surprisingly, these two viruses have been reported to be immunologically distinct , although preliminary data indicate that considerable cross-reactivity exists between their major immunogenic components (J. P. Gregersen, personal communication). Thus, it will be of great interest to elucidate whether this closely related pair of viruses is farther apart in the evolutionary sense than herpes simplex virus types 1 and 2. According to the concept of unity and diversity of herpesviruses (Honess & . Length determination of BHV-6 (E/CH, I~) and BHV-1 (IBR 'LA', k~) DNA by electron microscopy (n = 19). BHV-6 and BHV-1 DNAs had average contour lengths of 43.7 + 0.9 ~tm and 45.9 + 1.5 l.tm respectively. Taking into consideration the standard deviations, the difference is not significant. Watson, 1977), the goat and bovine viruses may reflect the situation with HSV and B virus. Like BHV-6 and BHV-1, the case of HSV and B virus is another example of immunologically related (Vizoso, 1975) , but genetically different herpesviruses.
